Introduction
The use of irrigation in the production of vegetables in the eastern part of the United States has shown a very rapid increase in the past 4 or 5 years. Irrigation not only increases the total yield, but also in many cases, the quality of the crop produced is improved as well. Physiologists are interested in learning if such differences in quality are largely of a physical nature or if there are also some chemical differences between poor and good quality vegetables.
The author in a previous publication (5) presented data on the composition of beans grown with several rates of irrigation. The main difference was one of moisture content-beans growing without irrigation having a higher per cent. dry weight than those which were irrigated. On a dry weight basis, there were small differences in carbohydrate, organic nitrogen and potassium content. It is characteristic of fruits to be rather uniform in composition regardless of the conditions under which they are grown. It was felt that a crop which consists largely of leaf tissue would show more marked variations in composition associated with a difference in growth than do fruits. This study was made to determine the effect that (1) soil moisture (as influenced by irrigation), (2) nitrogen level and (3) season had on the composition of cabbage and also if there was any relation between quality and chemical nature of the crop. Quality is used here to mean appearance, succulence and similar factors which made for high consumer acceptance.
Materials and methods CULTURAL PRACTICES Cabbage of the variety Glory of Enkhuizen, was grown on the experimental plots of the Florida Agricultural Experiment Station at Gainesville, Florida, with four levels of water supply (three rates of irrigation and no irrigation), two levels of nitrogen fertilization and in two different seasons. The plantings were made in a Latin square, the main plot (irrigation) split two ways, first by time of planting and then by amount of nitrogen. The irrigation treatments were applied by overhead sprinklers which covered an area with a radius of 30 feet. The plots were 40 feet square. Cabbage plants were planted one foot apart in rows three feet apart. Each planting consisted of three rows with a guard row between. Three plantings were made, (1) October 20, 1947, (2) December 3, 1947 and (3) February 6, 1948. The December 3 planting was severely damaged by frost and no analysis was made of this crop. A ton per acre of a commercial fertilizer supplying 4% N., 7%o P205 and 5% K20 was applied in bands at the time of planting. Each planting was divided into two 20-foot subplots one of which received additional nitrogen in the form of NaNO3 as a side dressing.
The first planting of cabbage was started in the relatively warm weather of October and harvested in the cool weather of December and January. This resulted in the cabbage maturing over a long period of time. The third planting was made in the cool weather of February and harvested in warm weather of April, resulting in uniform maturity. The cabbage harvested in April made excellent growth and was by far the best cabbage from a commercial viewpoint.
The three irrigation treatments were frequent, medium, and occasional. The fourth treatment was no irrigation. The original plan was to determine the time of irrigation by measuring the amount of evaporation from an open pan-frequent irrigation, a half inch of water applied after one quarter inch of evaporation, medium irrigation, a half inch of water applied after each half inch of evaporation and occasional irrigation, half an inch of water applied after one inch of evaporation. A rainfall of half an inch or more was considered as one irrigation and the amount of evaporation to determine next irrigation was measured from the end of the rain. This procedure for determining the time to apply irrigation was very satisfactory in the cool weather of the winter months when evaporation was rather slow; however, in the spring when the rate of evaporation increased, these intervals between irrigation became too short. The following schedule for irrigating the several plots was adopted.
A half inch of water was applied to the frequent plots every second day, to the medium plots every fourth day and to the occasional plots every eighth day. A half inch or more of rain was considered as one irrigation and the time of next application dated from the day of rain. Table I gives the rainfall and amount of irrigation applied.
The amount of soil moisture was determined on three different dates (table II) by the method of STOUT and HOLBEN (9) . The (10) . Sulphate was determined by the barium chromate method of FOSTER (3) .
Separate samples of the dried material were used for iron and manganese determination. Iron was determined by ortho-phenanthroline method of Sawell and Cunningham as modified by SHEETS and WARD (7) . Manganese was determined according to procedure described by SOMERS and SHIVE (8) . The amount of iron contamination arising from grinding in the Wiley mill was found to be negligible when proper methods were used in cleaning the mill before use.
Results
The rainfall (table I) during the growth of the first planting was less than that during the growth of the third planting. However, due to the fact that it was cool and the rainfall was evenly spaced during much of the first period little additional irrigation was required. Most of the rain for the third planting came early in the season so that during the time of rapid growth there was an extended dry period. The average weight of the heads of cabbage (tables IV and V) reflect the variation in amount of moisture available for growth. The cabbage harvested in January showed no response to additional water. However, despite the much higher total rainfall during the growth of the third crop there was a marked response to irrigation.
The data of measured except sodium were lowest in the cabbage grown with frequent irrigation and as the frequency of irrigation was reduced, the percentage of each constituent increased. There was no difference in the sodium content on a fresh weight basis associated with different irrigation treatments. That this difference in composition is to a large extent one of hydration is shown by the fact that on a dry weight basis several of the differences disappear and most of them are less significant. It is interesting to note that on a dry weight basis, the reducing sugar decreased with a decrease in amount of water applied, but acid hydrolyzable carbohydrates increase. The increase in the acid hydrolyzable carbohydrate is much smaller than 4I -PLANT PHYSIOLOGY the decrease in reducing sugars so that the net effect is one of reduction of carbohydrate as irrigation is reduced. The per cent. of nitrogen increased with a decrease in frequency of irrigation. The mineral elements are not as consistent in their variation as the organic constituents. This is shown by the percentages of potassium, sodium, and sulphate in the cabbage grown with medium irrigation. Both potassium and sulphate are lower in the medium samples than in the others and sodium is higher. The percentage of magnesium and iron on a dry weight basis increased with decrease in irrigation. The differences in percentage of ash, calcium, phosphate and manganese are not significant. NITROGEN LEVEL Apparently the leaching of nitrate was greater during the growth of the first' planting of cabbage than during the last. There was an increase in size of cabbage heads with increase in nitrogen in the cabbage harvested in January, but there was no difference in the cabbage harvested in April. However, it is interesting to note that there were more differences in composition in the April harvest than in the January harvest. In both harvests, the greatest difference was in the sodium content. The cabbage receiving the additional NaNO3 had a much higher sodium content than that not side dressed. This was the only significant difference in the cabbage harvested in January. In the April harvest, an increase in amount of nitrogen added to the soil was associated with an increase in the amount of nitrogen and a decrease in the amount of carbohydrate in the plant. On a dry weight basis, additional side dressings of NaNO3 increased the percentage of phosphate.
SEASON
There were a few small differences in composition between the January and April harvests. These differences were largely associated with the difference in response of the two crops to irrigation treatments. The composition of the non-irrigated cabbage harvested in April was very similar to the cabbage harvested in January. However, the samples taken from the frequent irrigation treatments in April had larger heads, less dry weight and in general a smaller percentage of most of the constituents than did the cabbage harvested in January.
Discussion
The primary purpose of this study was to obtain information on the difference in composition of irrigated and non-irrigated crops to help in the evaluation of irrigation in the production of vegetables. In even though there was considerable difference in growth. If appearance and succulence are used as a basis for quality, the cabbage harvested from the frequent irrigation plots in April had the highest quality. The greatest difference between the best quality and the poorer cabbage was in moisture content. There were other differences but most of them were so small that it would require much more data before any definite correlation could be made. This information would indicate that perhaps the physical characteristics of the plant are more important than composition in determining quality. In this connection it might be of value to make such measurements as the size of cells and the relationship of one tissue to another.
Summary
Cabbage was grown with four levels of water supply-frequent, occasional, medium irrigation and without supplemental water-two levels of nitrogen fertilization and in two different seasons. Samples of cabbage were analyzed for dry weight, ascorbic acid, reducing sugars, acid hydrolyzable carbohydrates, acid insoluble residue, ash, calcium, magnesium, potassium, sodium, phosphate, nitrogen, sulphate, iron, and manganese.
There was no difference in growth or composition of cabbage harvested from the various irrigation treatnments in January.
Because of an extended period of dry weather during the growth of the cabbage harvested in April there was a marked response in growth of the crop on different plots. Associated with this difference in growth were the following differences in composition. On a fresh weight basis, all constituents estimated except sodium were highest in the non-irrigated cabbage and lowest in the frequently irrigated cabbage. On a dry weight basis the reducing sugars decreased and acid hydrolyzable carbohydrates and nitrogen increased with a decrease in the amount of water added. On a dry weight basis sulphate and potassium are lower and sodium is higher in the medium samples. The percentage of iron and manganese increase with a decrease in irrigation.
The main effect of side dressing with NaNO3 was to increase the sodium content.
The only difference between seasons was associated with differenice in response to irrigation treatments.
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